The hypothesis that reading retardation involves some visual perceptual deficit is a plausible one, since reading, in the early learning stages at least, involves discrimination and recognition of letter shapes. It has been observed, too, that retarded readers often confuse letters which are of similar shape, but of different orientation, a phenomenon termed by Orton (1928) as strephosymbotia.
Nevertheless, Vernon (19S7) concluded that there was no firm evidence that tests of shape discrimination differentiate between poor and adequate readers. Critchley (1964) clearly tended to the same point of view. Benton (1962) found the results of reported investigations to be inconsistent, noting that where positive results were found it was usually with younger children. He concluded that visual perception was not an important correlate of reading. Benton (1962) may be criticized for failure to relate this observation about the age of Ss to Bender's (19S7) theory of a developmental lag in certain unspecified central nervous processes. According to this theory, deficits would exist at the earlier stages of reading which would not be detectable at later ages because of eventual maturation. Also, deficits or distortions in visual perception may be important even though they may not constitute the primary cause of reading retardation. They may serve, for example, to reduce the rate of learning so much in the earlier grades that children cannot benefit from the curriculum in later grades. Or they may interact with and exacerbate other more important deficits, for example, in verbal ability.
It must be agreed that the reported evidence is inconsistent. However, this must be due to some extent to the experimental inadequacy of many of the studies, especially the earlier ones which are still faithfully reported by reviewers. Some have no control groups, and some confound reading retardation with mental retardation. There has been a general failure to distinguish visual perceptual tasks from perceptual-motor tasks, especially in studies of rotation and reversal tendencies among retarded readers. Even when visual perceptual tasks are employed, letters of the alphabet or nonsense syllables are often used as stimuli, thus leaving open the question as to whether there is a generalized perceptual deficit. Finally, different criteria of reading retardation are employed, especially as between younger and older children. With the latter, reading speed is often the criterion; whereas with the former, retardation usually implies a failure to learn some of the basic elements of reading. Kass (1963) recognized the latter problem and used a sliding scale for defining reading retardation.
The study most relevant to the present one is that of Coins (1958) who found two factors Note.-A'' = 10 in both groups.
of visual perception which were related to reading ability: speed of perception which also seemed to involve the ability to hold in mind a gestalt during rapid perception; and strength of closure, or the ability to keep in mind a figure against visual distractors. Kass (1963) found sequential memory also to distinguish retarded readers. Rizzo (1939) reported a relationship between visual memory and reading retardation, especially in younger children.
The aim of the present study is to determine whether retarded readers perform less well than adequate readers on certain visual recognition tasks; whether such differences are more marked at younger than at older age levels; and whether the errors made by retarded readers are characterized by reversal and rotation tendencies.
METHOD Subjects
Two groups of children, 20 retarded readers (experimentals) and 20 adequate readers (controls) were selected from a state primary school in Sydney. Within each group, half were in Grade 2 Term 1, and half in Grade 3 Term 3. Thus, the amount of learning experience as well as age was equated between Experimental and Control groups. Children with irregular school attendance, or with foreign-born parents, were excluded. All Ss were in the normal range of intelligence, IQ 90-110, as measured by a group test 2 which involved no 2 The A.C.E.R. Lower Grades General Ability Test is normed for ages 6.S-9.3 yr. It consists of pictorial items involving analogies, logical sequences, similarities, and differences. reading and little space-form ability. In each of the four subgroups, the boy:girl ratio was 4:1. Screening tests were administered for visual acuity (Snellen open ring chart) and auditory acuity (a whisper test recommended by Commonwealth Acoustic Laboratories), children with known or discovered sensory deficits being rejected.
The criteria for reading retardation were: at least 9 mo. retardation for the Grade 2 children, and at least 18 mo. retardation for the Grade 3 children. The reading test 8 used involved only the untimed oral reading of single words.
Tasks and Procedure
Three different tests were devised: Test A, consisting of IS letters of the alphabet, in which were included those most commonly confused by retarded readers; Test B, consisting of IS lines, simpler in form than letters; and Test C, consisting of IS two-dimensional line drawings representing the contours of four-letter words.
The tests required 5, after presentation of each stimulus, to indicate which figure he had just seen by pointing it out on a multichoice response card. The test stimuli were projected tachistoscopically onto a screen placed 6 ft. from S's eyes, in a lighted room. Exposures for all stimuli were one-tenth of a second.
Each test was presented under three conditions: (1) Immediate Recognition, in which response cards were shown to 5 immediately after tachistoscopic projection of each stimulus; (2) Delayed Recognition, in which a predetermined time interval elapsed between projection of stimulus and presentation of response card; and (3) Sequential Recognition, in which three stimuli were projected consecutively, 5 having not only to recognize the figures, but also their order of presentation.
For Conditions 1 and 2 (immediate and delayed), response cards each contained five choices: one correct and four incorrect. Two of the incorrect choices were always reversals or rotations of the projected stimulus while the other two were similar in some respects to it. (In the case of letters, a number of imperfect reversals were used.) For Condition 3 (sequential), response cards contained nine choices, of which three were correct, and of the six incorrect choices, there were three reversals or rotations and three similar in general contour to the projected stimuli.
As the stimuli in the three tests were of an essentially simple nature, it was not possible to arrange them in increasing order of difficulty. For this reason, a rising difficulty level was artificially introduced after a series of preliminary tests. For Condition 1 (immediate), the tachistoscopic illumination was reduced by means of a Variac transformer to 8 The A.C.E.R. Individual Reading Test is normed for ages 6.0-9.8 yr. It consists of three sections: word reading, comprehension, and speed, of which only the first section was used. The scores in Table  1 are number of words read correctly. the extent of 4 V. after the projection of every fifth stimulus. The Variac readings for Tests A and B were 136, 132, and 128 V., and for Test C, 140, 136, and 132 V.* For Condition 2 (delayed), illumination was constant but the time lapse between projection of the stimulus and presentation of the response card was lengthened after projection of every fifth stimulus. The Variac reading throughout Tests A and B was 136 V., and for Test C, 152 V. The time lapses for Tests A and B were S, 10, and 15 sec., and for Test C, 3, 6, and 9 sec. For Condition 3 (sequential), an increasing level of difficulty was not introduced as this test was inherently fairly difficult. The Variac readings for Tests A, B, and C were 136, 140, and 156 V., respectively.
Since the intention was to measure visual recognition, it was necessary to ensure that verbal labeling and rehearsal of the stimuli did not occur. This was prevented, or at least made very difficult, by requiring 5 to recite aloud multiplication tables as he fixated the screen in readiness for projection of each stimulus and to continue doing so until presentation of the response card. Remembering by kinesthetic cues was also made difficult by requiring 5s to keep their hands clasped.
The 5s were tested individually and at weekly intervals. Tests and conditions were presented in a fixed order, three tests under one condition occupying one testing session. There was no intention to make comparisons between tests or between conditions, the relative difficulty of which was obvious. The same E carried out all testing. The 5s were kept motivated by frequent encouragement.
RESULTS
The following a priori predictions were made: Prediction 1. Experimental group will perform less well than Control group on all tests, under all conditions. Prediction 2. The differences between Experimental and Control groups will be greater at the younger age levels than at the older age levels; that is, there will be significant Age X Group interactions. Prediction 3. There will be a greater proportion of reversal and rotation errors in the Experimental than the Control group.
Main Analysis
The main analysis consisted of nine separate analyses of variance, one for each test under each condition. The results are summarized in Table 2 . Probabilities quoted are for onetailed tests of significance.
It will be noted in Table 2 that significant differences between groups were found for all 4 In Australia, the standard voltage is 240 V. nine tests, as predicted, and usually at high levels of significance. The Age X Group interactions reached significance in five of the nine tests, including four of the six which did not concern letters of the alphabet. In all cases, these interactions were due to greater differences at the younger than at the older age levels, as predicted.
Correlations of the various tachistoscopic tests with CA and reading scores are listed in Table 3 . Significance levels for N = 40 are: p < .05, .31; p < .01, .40.
Detailed Analysis
Checks were made to see whether the relatively poor performances of the experimentals under Condition 1 (immediate) were due to the decreasing tachistoscopic illuminations which were used to introduce difficulty levels into the tests. The performances of both groups were graphed for each of the three levels of illumination used within each test. The scores of both groups were shown to fall off at the lowest levels of illumination, but there was no apparent tendency for a differential falling off of the experimentals at either age level. Difference scores were calculated for each individual on each test, that is, score for five items under greatest illumination minus score for five items under lowest illumination. The means of these difference scores were analyzed by t test for uncorrelated means, for age levels separately and combined. No significant differences between experimentals and controls were found.
Checks were also made to determine whether the increasing time intervals used in Condition 2 contributed significantly to the differences between groups. The same procedure as above was adopted: graphs drawn, difference scores calculated, and means analyzed by t tests. Again none of the differences was significant.
Analysis of Errors
The errors made by both groups on the reading test were classified into three types: letter reversals (e.g., bog for dog), sequence reversals (e.g., cloud for could), and miscellaneous errors. It was obvious, of course, that more errors of all kinds would be made by the retarded readers, but the point at issue was whether a greater proportion of reversal to total errors occurred in the retarded reading group.
The analysis involved taking the proportion of each type of reversal error to the total error for each individual, and converting these to percentages. Differences between experimentals and controls were tested for each age group separately by splitting the distributions at the median and applying Fisher's Exact Test to the 2 X 2 tables. For combined age groups, one-tailed \' 2 was used. The results are listed in Table 4 . Reversal or rotation errors were then scored for the tachistoscopic tests. Letter or figure reversals or rotations were scored on the three tests for Conditions 1 and 2 combined. Confusions of sequence in Condition 3, defined as item correctly recognized, but in the wrong order, were scored for the three tests in Condition 3. These data were analyzed as before; median tests were carried out between experimentals and controls for age groups separately and combined. For all of these analyses, however, none of the differences was significant nor did any even approach significance.
DISCUSSION
The results of this experiment support the hypothesis that retarded readers perform less well than adequate readers on tests involving recognition of letters, lines, and shapes under immediate, delayed, and sequential conditions. Thus there appears to have been a generalized perceptual deficit in the retarded readers.
This relative inadequacy was significantly greater at the younger age level than at the older age level for a number of these tests, lending definite support to the developmental lag theory.
It is possible that the results were due to differences in motivation or distractibility. The former is not considered likely by the authors, though a systematic study is needed to settle the issue. The latter is a distinct possibility in view of the procedure requiring Ss to recite multiplication tables while fixating the screen.
If these untested possibilities are set aside, there remains the problem of explaining the results in terms of perceptual processes. Deficits in the performance of the tasks could have arisen (a) through undiagnosed optical defects, (b) through deficits in decoding processes, or (c) through storage defects. With regard to (a), it would have required a full-scale optometric examination to rule this out entirely, a procedure that was not encouraged by the report of Lederer (1960) , who found only 2 out of SO consecutive cases in a reading clinic to have any visual defects.
All that can be said from the present experiment is that visual acuity was adequate for both groups, and that decreasing tachistoscopic illumination of the projected figures produced no significant differential effect.
With regard to (c), the condition of delayed recognition did not correlate any higher with reading scores than did the condition of immediate recognition, and there was no differential falling off of scores as the time lapse was increased.
The remaining hypothesis is that it was in the decoding process itself that the deficit occurred. Since the stimuli consisted of brief tachistoscopic presentations and in view of the finding of Coins (1958) , the most probable explanation seems to be that the difference between the groups was in speed of decoding.
The hypothesis concerning reversal errors was supported only as regards performance on the reading test, not for performance on the tachistoscopic tasks-not even for letters of the alphabet. This paradoxical finding obviously cannot be explained in terms of perceptual distortion, for the chances of making such errors are enhanced for brief exposures as against an untimed reading task. The explanation must be in terms of errors of labeling and subvocal rehearsal on the one hand, and visual feedback on the other. That is, the chances of labeling and rehearsing verbally the experimental stimuli were reduced by the recitation procedure, and presentation of the response cards permitted a visual recognition not dependent upon labeling.
Recitation probably did not succeed in eliminating the labeling of tachistoscopically projected letters of the alphabet-their labels are implicit in their shape-but Ss apparently responded by visual recognition irrespective of the label applied. On the other hand, in any reading task, an incorrect label or a confused sequence of labels would obviously bring about reading errors. Errors of labeling may very well be exacerbated by slow perceptual speed, since this would reduce the amount of visual information per given unit of time in a task which probably proceeds on a basis of minimal cues.
